Introduction
SPA is a cell-wall associated protein of S. aureus having a number of immunological properties [l] . The structure is remarkably repetitive with five highly homologous IgG-binding domains, of about 58 amino acids each, followed by the cell-wall anchoring part, region X [2] . The first part of region X is composed of an octapeptide repeated 12 times. The Cterminal part is a membrane anchor sequence of 20 hydrophobic residues followed by three arginines [ 21.
In this paper we describe a strategy for analysing the signals for secretion in SPA. We also analyse the unexpected observation that small fragments, subcloned parts, of SPA are translocated to the culture medium E. coli. It is shown that this phenomenon may be used for the export of heterologous gene products to the growth medium.
Confirmation of the proposed signal peptide
The nucleotide sequence of the cloned gene revealed a putative signal peptide of 36 amino acids (Fig. 1) . The overall composition of the signal peptide is the same as for known Gram-negative counterparts [ 31, except for the length, most pronouncedly of the charged N-terminal part of eleven residues. To investigate the signal peptidase cleavage of SPA Abbreviations used: SPA, staphylococcal protein A; IGF, insulinlike growth factor. 
Evaluation of sequences relevant for secretion to the culture medium by E. coli
The five IgG-binding domains of SPA are about 80% homologous on the protein level [6] . The most striking divergence is in the first domain, domain E, in which the Nterminal part differs considerably from the other domains. To evaluate the sequences relevant for secretion in E. coli, different SPA fragments were expressed in E. coli using recombinant DNA technology and the localization of the products was determined 13, 71. The results summarized in Table 1 , demonstrate that the first part of region E seems to be adapted to secretion since this N-terminal domain could not be substituted by a homologous domain (region B) without interfering with the secretion mechanism.
Unexpectedly, some of the smaller subcloned fragments of SPA (E, EB and EE) were found to be exported to the growth medium when expressed in E. coli (Table 1) . The 627th MEETING, NOTTINGHAM [3] showed that the effect is not a result of lysis, but rather seems to be due to an induction of leakiness of the outer membrane.
To investigate if this indicated leakiness of the outer membrane of E. coli was due to the expression of .the SPA fragments, we substituted the IgG-binding fragments (E and B) with various fragments derived from the albumin-binding regions of streptococcal protein G [8, 91. The results presented in Table 1 , reveal that these gene products are also exported to the culture medium of E. coli. A synthetic IgGbinding fragment based on region B [ 101 was also found to be excreted (Table 1 ). In conclusion, these results suggest that the SPA promoter-signal sequence can direct a large number of heterologous gene products to the culture medium of E. coli.
Secretion of human peptide hormones to the culture medium
To investigate if human recombinant proteins could be expressed and secreted to the culture medium by E. coliand S. aureus, several synthetic genes encoding the mature human peptide hormones were fused to the SPA fusion vectors. The 70 amino acid residue human IGF-1 was found to be efficiently secreted to the culture medium by E. coli (Table 1) . Cleavage of the affinity-purified fusion protein with hydroxylamine released native IGF-1 with high biological activity [ 1 11. The IGF-1 fusion was used to demonstrate that the secretion system could be successfully transferred to pilot-plant scale (1000: 1) with high yields [ 121. Interestingly, the fermentation conditions can be optimized to yield more than 1000 mg of fusion protein/l of culture medium [ 131.
The coupled expression-secretion system was also used to produce recombinant human IGF-2 in E. coli and S. aureus [ 141. In both cases, the product was found to be excreted to the culture medium of the host. Surprisingly, despite the high degree of homology to human IGF-1, very little full-length product was obtained in E. coli, due to site-specific degradation of the IGF-2 moiety during growth [ 141. In contrast, the material affinity purified from the culture medium of S.
aureus was found to be almost exclusively full-length. After site-specific cleavage with cyanogen-bromide, native human IGF-2 was obtained with high biological activity.
Concluding remarks
The results presented here show that induced leakiness of E. coli is caused by high expression of different constructs starting with the gene fragment containing the SPA promoter and encoding the SPA signal peptide. This seems to be a phenomenon associated with the expression in E. Nilsson, unpublished work), the similarity of the induced leakiness suggests a common mechanism.
The fact that the SPA gene fusion system can mediate extracellular production in several bacterial hosts, including E. coli and S. aureus, in addition to an efficient affinity purification system, makes this coupled expression-secretion system attractive for the production of various recombinant proteins.
